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Abstract 
The main functional cell of the liver is hepatocyte. The frequently working of liver depends on the particular level of cytosolic Ca2+ in 
hepatocyte. Cytosolic calcium is a second messenger which responsible for reproduction. Calcium controls many biological processes like 
movement of cell, secretion, muscular contraction, cell differentiation and buffering processes etc. The calcium diffusion in hepatocyte can be 
described by the system of reaction-diffusion equations. The main objective of this paper is to study the effect of diffusion of cytosolic 
calcium concentration in hepatocyte in presence of buffers. A one Dimensional mathematical model is developed in the form of diffusion 
equation. This model has studied the effect of the important parameters like immobile buffer, diffusion coefficient and influx over [Ca2+] 
profile on hepatocyte. It is found that diffusion has significant effect in the presence of low affinity buffer compared to high affinity buffer.  
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1. Introduction 
    Calcium dynamics plays a crucial role in initiation and completion of processes in various cells like hepatocytes, fibrocytes, 
endothelial, astrocytes, oocytes, and cardiomyocytes etc. Cytosolic calcium is a second messenger which acts the crucial role in 
signal transduction in hepatocyte. Calcium signalling is used in signal transduction and convert electrical signal into chemical 
signal [1]. Cytosolic Ca2+ is controlled many important physiological processes such as bile secretion, bile flow, glycogen 
breakdown, and cell survival in liver [2]. These Ca2+ signals can be elicited in isolated cells by a large array of stimuli and often 
occur as repetitive Ca2+ waves. The regenerative mechanism of these Ca2+ waves is beginning to be well understood [3]. Many 
theoretical studies have been conducted to explain the mechanism underlying Ca2+ oscillations as well as the phenomenon of 
Ca2+ waves spreading across coupled cells [4]. Tripathi and Adlakha have studied the effect of different biological parameters 
like buffer, diffusion, ER fluxes etc over calcium profile using FEM models [5].The frequency of free cytosolic calcium 
concentration ([Ca2+]) oscillations elicited by a given agonist concentration differs between individual hepatocytes [6]. Self-
sustained calcium oscillations in non-excitable cell were first observed in 1980s. [7] 
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2. Mathematical Formulation 
 Reaction diffusion equation is used in hepatocytes to simulate the buffered diffusion of intracellular calcium. The calcium 
dynamics can be expressed in the form of following equation [8,9]:
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 Where Ca2+ represents free calcium concentration, iP  represents free buffer concentration, iCaP  represents Ca
2+ bound buffer 
concentration and k+ & k- are association and dissociation rate constants respectively for ith buffer species. If further assume that 
the reaction of Ca2+ with buffer follows mass action kinetics, following are the system of ODEs for the change in concentration 
of each species. 
   
2
2 2[ ] [ ]C i
i
Ca D Ca R J
t

w    w ¦ ¦     (2) 
   
2[ ] [ ]
i
i
P i i
P D P R
t
w   w       (3) 
   
[ ]
i
i
CP i
CP D R
t
w  w       (4)
 
   
2[ ][ ] ([ ] [ ])i i i i i T iR k Ca P k P P
           (5) 
 where J represents the calcium flux and Ri be the common reaction term. For a steady state case equation (2) can be written as 
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  In this study a finite element approach has been developed to study diffusion of Ca2+ in the presence of excess buffer in 
hepatocytes. The model incorporates the various parameters like diffusion rate, dissociation rate, source amplitude, and binding 
rate. Equation (6) can be written in the cylindrical coordinates. 
   
> @ > @2 2 21 [ ] [ ] [ ] ( ) 0i i c
C C
k P k PCar Ca Ca r
r r r D D
V G
 
 f f
f
§ ·w w     ¨ ¸w w© ¹     
(7) 
In the above equation > @iP f and 2[ ]Ca  f are the buffer concentration and calcium concentration at infinity respectively. The 
study has been performed in symmetric region 1 10rd d . The boundary condition for this simulation is uniform 
background 2Ca  profile of 0.1 MP . It is assumed that buffer far from the source remains in equilibrium with 2Ca  at all times 
[10, 11, 12, 5]. Thus the condition on the boundary away from the source is given by 
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At the source, it is assumed that influx takes place and thus the boundary condition due to influx is given by [4, 13] 
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The influx of free calcium at the rate CV , 2[ ]Ca  f  is the background 2Ca  concentration. The discredized variational form of (7) 
is given by. 
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Where  2[ ] [ ] eCa C  , for the convenience Eq. (10) can be written as  
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taken as [13,14].   
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The thikness of each element is very small, equation (12) can be written as 
   
   [ ] e eTC P N         (13) 
Where > @1TP r and   ( ) ( )1 2Te e eN N Nª º ¬ ¼
 
Substituting nodal conditions in equation (13), we get  
   
     [ ] e e eC P N        (14) 
 Where ( ) 1
1
ie
j
r
P
r
ª º « »¬ ¼
and   ie
j
C
C
C
ª ºª º  « »¬ ¼ ¬ ¼
        (15) 
  
     e e eN K Cª º ¬ ¼         (16) 
  
    1e eK p          (17) 
From equation (13) and (16) 
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Now, the integral I(e) can be in the form 
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On substituting values of equations, we get, 
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The integral I is extremized with respect to each nodal calcium concentration[ ] ( 1,2,3,.....10)iC i  . This is given in the form of 
differential equation for steady state in terms of calcium concentration. The Gaussian Elimination Method has been used to 
obtain the solution.[14, 15] 
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Here, 1 2 10[ ] [ ] [ ] ......[ ]C C C C X are the system matrices, and Y  is system vector. A computer program in MATLAB 
2010b is developed to find numerical solution to the entire problem on Core(TM) i3 CPU 2328 @ 2.20 GHz processing speed 
and 2 GB memory. 
3. Numerical Results and Discussion 
 The values of various biophysical parameters as shown in table .1 have been used to compute the numerical results [10, 16]. 
 
                   Table1: Numerical values of biophysical parameters 
Parameter  symbol Numerical 
Value 
Diffusion Coefficient        
CD  30-330
2 m /μ s  
Source Amplitude        
CV  1PA  
BackgroundCa2+concentration        [ ]C f  0.1μM  
Cell Radius         R  10 20  mμ  
Valence of Ca2+         z  2 
Buffer concentration        [ ]P f  20 100  Mμ  
Association rate of BAPTA         Ki
  100 / μMs  
Association rate of EGTA         Ki
  5 / Mμ s  
 
 
Fig1. Calcium concentration along r in a hepatocyte cell for EGTA buffer 
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Fig.1 shows calcium concentration along r in a hepatocyte cell. In fig.1 it is observed that the calcium concentration fall 
very sharply for radius r between 0 to 1μm and then gradually decreases for r between 1 to 3μm and therefore converges to 0.1 
μM and become uniform thought.   
 
Fig 2. Calcium concentrations along r in a hepatocyte due to EGTA and BAPTA buffers 
 
In fig 2 we see that the fall in [Ca2+] for slow buffer (EGTA) is less sharp and low as compared to that of fast buffer (BAPTA) 
.We see that the fall in calcium concentration is very sharp for r between 1-3 μM and then it gradually decreases between 3-5μm 
and thereafter converges to 0.1μM and becomes uniform throughout. This is because near the source calcium concentration is 
very high and becomes constant at small distance from the source. This is because the binding rate of fast buffer is very high and 
causes the [Ca2+] to fall more sharply as compared to that in case of slow buffer. 
 
 
Fig 3 Calcium concentrations along r in a hepatocyte due to different buffer Concentration rates 
 
The significant effect of different buffer concentration is observed in the figure 5.3. The difference in calcium concentration due 
to different buffer concentrations along radius r, is maximum between 0 to 1 μ M and then gradually decreases along r between 
1 and 3 μ M and thereafter the calcium concentration converges to 0.1 μM rapidly 
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.
  
Fig 4 Calcium concentration along r in a hepatocyte due to different rates of diffusion constant 
The significant effect of different diffusion constants is observed in the fig 4. The calcium concentration is lower for 
higher values of diffusion constants. 
 
4. Conclusion 
It is observed that buffering of calcium play a crucial role in the cell and deeply effect on it. Calcium concentration gives 
better central regions little away from the source. Diffusion of calcium has significant effect for low affinity buffer but in the 
case of high affinity buffer it show less change in calcium profile. The Finite element Method has been developed here to gives 
us more realistic and interesting results.FEM can be generate information about relationship among biological and physiological 
parameter in the real word problem and give us better insights of the chemical signaling phenomena in hepatocytes. Such 
models can be used to generate information regarding calcium distribution patterns in hepatocytes which can be useful in deeper 
understanding of mechanisms of hepatocytes.
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